
Chapter 16 Lecture 

DC Circuits 

Prepared by 

Dedra Demaree,  

Georgetown University 

© 2014 Pearson Education, Inc. 



DC Circuits 

 

 

 

 

 

• Why are modern buildings equipped with 

electrical circuit breakers? 

• How can you use an electric circuit to model the 

human circulatory system? 

• Why is it dangerous to use a hair dryer while 

taking a bath? 
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Be sure you know how to: 

• Apply the concept of the electric field to explain 

electric interactions (Section 15.1). 

• Define the V field (electric potential) and the 

electric potential difference ΔV (Section 15.3). 

• Explain the differences in internal structure 

between conducting materials and 

nonconducting materials (Section 14.3). 
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What's new in this chapter 

• We learned to explain processes that involved 

charged particles redistributing themselves: 

electrostatic phenomena. 

– Inside the human body's nervous system and 

in electric devices such as cell phones, 

computers, and lightbulbs, charged particles 

are continually moving. 

• In this chapter, we learn about phenomena that 

involve these moving, microscopic, charged 

particles. 
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Electric current 

• Cranking a Wimshurst machine's handle 

generates opposite charges in the two metal 

spheres.  

• The charge separation leads to a potential 

difference between the spheres. 
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Observational experiment 
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Observational experiment 
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Observation experiment outcomes 

• The initial charge separation between the 

oppositely charged spheres allowed charge to 

flow between the spheres.  

• The presence of a charge conduction pathway 

allowed charge to flow.  

• The electric potential energy of the spheres was 

converted into some other form of energy. 

• We need to learn how to keep these 

processes happening continuously. 
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Fluid flow and charge flow 

• You connect a hose 

between the two 

containers such that the 

two ends of the hose are 

at different pressures. 

Water starts flowing until 

the pressures are the 

same. 

• The water is analogous to 

the excess charge on the 

Wimshurst spheres. 
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Making the process continuous 

• Pumping water from B back to A maintains a 

pressure difference between the ends of the 

hose and results in a continuous flow from A to 

B. 
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Making the process continuous 

• To achieve a steady flow of electric charge, we 

need a device that can maintain a steady 

potential difference. 
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Electric current 

• Electric current: the flow of charged particles 

moving through a wire between two locations 

that are at different electric potentials. 

• Direct current: an electric current in which the 

charged particles move in the same direction.  

• Electric circuit: a system of devices that allows 

for the continuous flow of charge. 

• DC circuit: an electric circuit that has a direct 

current. 
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Crystal lattice model with free electrons 
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Drift 

• When a wire is placed in an external electric 

field, the electrons accelerate in the direction 

opposite to the direction of the E field. 

• They slow down when they "collide" with the 

ions. 

• This drift motion occurs in the same direction for 

all of the electrons. 
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Electric current  

• Free electrons in a wire 

drift in the direction of the 

higher V field. 

• Traditionally, the direction 

of electric current in a 

circuit is defined as 

opposite to the direction of 

the electrons' drifting 

motion. 
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Electric current 

© 2014 Pearson Education, Inc. 



Quantitative Exercise 16.1 

• Each second, 1.0 x 1017 electrons pass from 

right to left past a cross section of a wire 

connecting the two terminals of a battery. 

Determine the magnitude and direction of the 

electric current in the wire. 
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Batteries and emf 

 

 

 

 

 

• The physical size of a battery is not related to 

the emf but to its storage capacity—the total 

charge it can move before it must be replaced or 

recharged.  
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The language of physics: Force and work 
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Conceptual Exercise 16.2 

• You connect a 9.0-V battery to a small motor. 

Describe the changes in electric potential in the 

circuit with a graph. 
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Neon and incandescent bulbs 

• A neon bulb 

consists of a glass 

bulb filled with 

low-pressure neon 

gas. 

• An incandescent 

bulb has a metal 

filament inside it. 
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Observational experiment 
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Observational experiment 
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Observational experiment 
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Complete circuits 

• To check whether any circuit you build is 

complete, trace the path of an imaginary positive 

charge moving from the positive terminal of the 

battery to the negative terminal.  

• The path must pass along conducting material at 

every location. 
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Symbols for the elements in electric circuits 
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Ammeters 

• An ammeter acts like a water flow meter.  

– If you wish to measure how much water flows 

through a cross section of a pipe, the water 

must pass through the flow meter. 
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Voltmeters 

• A voltmeter measures 

the electric potential 

difference between 

two points in a circuit.  

– Using a voltmeter 

is analogous to 

using a pressure 

meter to measure 

the water pressure 

difference. 
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Measuring current through and potential 

difference across a resistive wire 
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Observational experiment 
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Observational experiment 
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Relationship between current and electric 

potential difference 

• The larger the potential difference across the 

wire, the larger the E field inside.  

• When a larger electric force is exerted on the 

electrons, it results in larger accelerations of the 

electrons between the collisions with the ions in 

the lattice and, therefore, a larger current 

through the wire. 
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Resistance 

• Resistance characterizes the degree to which an 

object resists a current. 

• We can write the relationship between current 

and potential difference using resistance R: 

 

 

• The unit of resistance is called the ohm; 1 ohm = 

1 volt/ampere. 
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Ohmic and non-ohmic circuit elements 

• If the resistance of a 

circuit element does 

not depend on the 

potential difference 

across it, the element 

is called ohmic. 

• Circuit elements that 

cannot be modeled as 

ohmic devices are 

called non-ohmic. 
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Ohm's law 
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Tip 
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Diode 

• A diode is a non-ohmic circuit element that consists of 

two kinds of materials that cause it to be asymmetrical 

with respect to the potential difference across it. 

 

 

 

 

 

 

 

 

• Using a diode in a circuit allows you to achieve one-

directional current. 
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Testing Ohm's law  
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Testing experiment 
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Testing experiment outcome 

• When the prediction and the outcome do not 

match, we need to reevaluate our reasoning.  

– In an open switch, we cannot apply relation 

ΔV = IR, as we do not know the result of 

multiplying zero by infinity. 

– When a switch is open, the whole part of the 

circuit connected to the positive terminal of 

the battery is at a potential of that terminal. 

The part of the circuit connected to the 

negative battery terminal is at a potential of 

0.0 V. 
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Tip 
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Quantitative Exercise 16.3 

• When commercial resistor 1 is connected to a 9-V 

battery, the current through the resistor is 0.1 A. 

When commercial resistor 2 is connected to the 

same battery, the current through it is 0.3 A.  

1. What can you learn about the resistors?  

2. Which assumptions did you make? 
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Observational experiment 
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Observational experiment 
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Circuits in series 

• Adding more bulbs 

must increase the 

resistance of the 

circuit, reducing the 

electric current 

everywhere in the 

circuit. 

• A battery is not a 

source of constant 

current. 
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Observational experiment 
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Observational experiment 
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Circuits in parallel 

• For each identical 

bulb to be equally 

bright and have the 

same brightness as 

a single bulb, the 

current must be the 

same through all of 

the bulbs. 
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Qualitative investigations of electric circuits 

• When circuit elements are connected in series, 

the current through each element is the same. 

• When circuit elements are connected in parallel, 

the battery is connected across each parallel 

element and the potential difference across each 

element is the same. 
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Qualitative investigations of electric circuits 

• Adding more circuit elements in series 

decreases the total current through all the 

elements and increases the effective total 

resistance of the elements. 

• Adding more elements in parallel increases the 

total current through the parallel elements and 

reduces the effective total resistance of the 

elements. 
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Qualitative investigations of electric circuits 

• The battery is not a source of constant current: it 

drives a smaller current through circuit elements 

arranged in series and a larger total current 

through circuit elements arranged in parallel. 

• Changing the number of circuit elements 

changes the whole circuit. The total current may 

decrease or increase depending on the 

arrangement of circuit elements. 
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How is your house wired? 

• Turning any one device on or off will not affect 

the others. 
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Joule's law 

 

 

 

 

 

• Because potential difference and current are 

related through Ohm's law, Joule's law can be 

written in two alternate forms: 
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The language of physics: Electricity—

charge, current, potential difference, and 

power 
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Joule's law 

• It is usually most convenient to use: 

– The I2R expression when comparing power 

in elements connected in series. 

– The (ΔV2)/R expression when elements are 

connected in parallel. 
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Joule's law and bulb brightness 

• The brightness of a bulb is directly related to its 

power. 

• Two bulbs in series can have different 

brightness if the resistance of one bulb is greater 

than the resistance of the other bulb. 
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Testing experiment 
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Paying for electric energy 

• Utility companies do not use the joule. Instead, 

they use an energy unit called the kilowatt-hour.  

• 1 kW h = 3.6 x 106 J 
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Kirchhoff's rules 

• We need techniques 

to determine the 

electric current 

through each circuit 

element in a 

complicated circuit. 
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Kirchhoff's loop rule 

• Trace the change in 

electric potential as we 

move with these 

charges around the 

circuit. 

• The changes in 

potential for each step 

along the trip must add 

to zero. 
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Example 16.5 

• Use the loop pattern to predict the potential 

difference between point A and point B in the 

electric circuit shown in the figure. 
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Tip 
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Kirchhoff's loop rule 
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Example 16.6 

• You buy a 9.0-V battery. To check whether it really 

produces a 9.0-V potential difference across its 

terminals, you use a voltmeter and find that it 

reads 9.0 V. Satisfied, you build a simple series 

circuit with a 5.0-ohm resistor. An ammeter 

indicates a 1.5-A current through the resistor. A 

voltmeter reads 7.5 V across the battery and –7.5 

V across the resistor.  

1. Explain why the measurements are 

unexpected. 

2. What are possible reasons for the discrepancy 

between the expected and actual results?  
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Internal resistance of a battery 

• The potential difference across a battery in an 

open circuit will be greater than that across the 

same battery in a closed circuit.  

– This is due to internal resistance of the 

battery. 

– The idea of internal resistance is consistent 

with observations that batteries feel warm to 

the touch after they have been operating for a 

while. 
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Kirchhoff's junction rule 

• Charged particles making up a current cannot 

vanish or be created out of nothing (electric 

charge is a conserved quantity). 

• The sum of the currents into a junction must 

equal the sum of the currents out of the junction. 
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Kirchhoff's junction rule 
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Sign conventions for circuit analysis 
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Short circuit 

• Imagine that you accidentally connect the 

terminals of a battery with a connecting wire of 

approximately zero resistance. 

 

 

 

 

 

• The wire and the battery become very hot 

because the current becomes very large. 
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Series resistance 
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Parallel resistance  
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Tip 
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Example 16.7 

• Assume that we have a battery and two identical 

lightbulbs, each of resistance R. We connect the 

bulbs to the battery in three different 

configurations: (a) one bulb, (b) two bulbs in 

series, and (c) two bulbs in parallel.  

1. Determine the equivalent resistance of a 

single resistor that will produce the same 

current through the battery as produced in 

arrangements (b) and (c).  

2. Compare the total power output of the bulbs 

in arrangements (b) and (c) with the output 

in (a). 
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Applying Kirchhoff's rules in the problem-

solving strategy: Sketch and translate 

• Draw the electric circuit described in the problem 

statement and label all the known quantities. 

• Decide which resistors are in series with each 

other and which are in parallel. 
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Applying Kirchhoff's rules in the problem-

solving strategy: Simplify and diagram 

• Decide whether you can neglect the internal 

resistance of the battery and the resistance of 

the connecting wires. 

• Draw an arrow representing the direction of the 

electric current in each branch of the circuit. 
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Applying Kirchhoff's rules in the problem-

solving strategy: Represent mathematically 

• If possible, replace combinations of resistors 

with equivalent resistors. 

• Apply the loop rule for the potential changes as 

you move around one or more different loops of 

the circuit. Each additional loop you choose 

must include at least one branch of the circuit 

that you have not yet included. 
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Applying Kirchhoff's rules in the problem-

solving strategy: Represent mathematically 

• Once you have included branches, apply the 

junction rule for one or more junctions. In total, 

you will need the same number of independent 

equations as the number of unknown currents. 

• If necessary, use expressions for electric power. 
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Applying Kirchhoff's rules in the problem-

solving strategy: Solve and evaluate 

• Solve the equations for the unknown quantities. 

Check whether the directions of the current and 

the magnitude of the quantities make sense. 
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Example 16.9 

• Determine the total 

current I through the 

battery in the figure. 
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Properties of resistors 

• The length and the cross-sectional area of a 

wire will affect its electrical resistance.  

• If a resistor is made of a dielectric material, then 

the current through it will be nearly zero, so 

resistance must also depend on the internal 

properties of the material of which it is made. 
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Properties of resistors 
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Properties of resistors 

• Resistivity ρ of a material characterizes the 

dependence of the resistance R on the type of 

material.  

• Microscopically, a material's resistivity depends 

on: 

– The number of free electrons per atom in the 

material 

– The degree of "difficulty" the electrons have in 

moving through the material due to their 

interactions with it 

– Other factors 
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Resistivity 
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Electrical resistance  
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Tip 
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Quantitative Exercise 16.10 

• The connecting wires that we use in electric 

circuit experiments are usually made of copper. 

What is the resistance of a 10-cm-long piece of 

copper connecting wire that has a diameter of 

2.0 mm = 2.0 x 10−3 m? 
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Microscopic model of resistivity 

• Free electrons move chaotically inside a metal, 

and they collide with metal ions.  

– These collisions increase the internal energy 

of the metal ions, causing them to vibrate 

more vigorously. 

– The vibrating ions become even more of an 

obstacle for the electrons. 

• This explains why a hotter metal has a higher 

resistivity than a cooler one and why the 

resistance of the lightbulb filament increases 

with temperature. 
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Superconductivity 

• At very low temperatures, 

the electrons no longer 

transfer energy to the 

metal lattice ions, so the 

electrons move through 

the lattice with exactly 

zero resistance. 
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Semiconductors 

• The electrical 

resistance of a 

semiconductor 

decreases with 

increasing 

temperature. 
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Electrolytes 

• Electrolytes are substances containing free ions 

that make the substance electrically conductive.  

• Several electrolytes are critical in human 

physiology. 

• In nerve cells, Na+, Cl−, and other ions move across 

nerve membranes, transmitting electrical signals 

from the brain to other parts of the body—to 

activate muscles, for example. 
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Modeling the human circulatory system 

as an electric circuit 

• Many biological processes can be modeled 

using ideas of electric circuits. 

– The pressure difference produced by the 

heart is analogous to the emf produced by a 

battery. 

– The flowing blood is analogous to a flowing 

electric charge. 

– The blood vessels, which resist blood flow, 

are analogous to the electric circuit. 
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Modeling the human circulatory system 

as an electric circuit 
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Circuit breakers and fuses 

• To prevent overheating in circuits that might 

cause fires, electrical systems in buildings are 

installed with circuit interrupters, either fuses or 

circuit breakers. 

– A fuse is a piece of wire made of an alloy of 

lead and tin that melts at a relatively low 

temperature.  

– When the current in a circuit increases to a 

critical value, a circuit breaker opens a switch, 

cutting off the current. 
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Quantitative Exercise 16.12 

• A 1380-W electric heater, a 180-W computer, a 

120-W lightbulb, and a 1200-W microwave are 

all plugged into wall sockets in the same part of 

a house. When the current through the main line 

exceeds 20 A, the circuit breaker opens the 

circuit. Will the circuit breaker open the circuit if 

all these appliances are in operation at the same 

time? 
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Summary 
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Summary 
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